Calcium channels play important roles in cellular signalling. TRP (transient receptor potential) channels form a superfamily of calcium channels through which Ca 2+ enters the cell. TRPs have six transmembrane segments with a putative pore between the fifth and the sixth segments, and assemble in tetrameric complexes to form functional Ca 2+ channels. They are thus similar to K V (voltage-gated potassium channel) channels in terms of structure and molecular determinants that promote subunit assembly. In this review, the molecular determinants mediating the assembly of Drosophila TRP, TRPC (TRP canonical), TRPV (TRP vanilloid) and K V channels are described.
Introduction
Ca 2+ ions play a central role in intracellular signal transduction pathways in eukaryotes. The response to various extracellular stimuli is mediated by intracellular Ca 2+ variations that control a variety of cellular processes, including cell growth, differentiation, contraction and secretion. The cell membrane contains various Ca 2+ channels that enable Ca 2+ influx from the extracellular compartment into the cytosol. TRP (transient receptor potential) channels belong to a superfamily of cation channels that are expressed in virtually all mammalian cell types, and their open state is controlled by various signals. On the basis of structural homology, the superfamily can be subdivided into seven main families. The three that have been studied the most are TRPC (TRP canonical), TRPV (TRP vanilloid) and TRPM (TRP melastatin).
Structure of TRP channels
TRP channels contain six transmembrane segments [1] . A hydrophobic stretch between the fifth and the sixth segments is believed to be the cation-permeable pore. TRP channels are complexes consisting of four pore-forming subunits that are also typical of K V (voltage-gated potassium channel). The Nand C-terminal tails flanking the transmembrane domain are cytosolic and may engage in subunit-subunit interactions, associate with other cellular proteins, and interact with cytoplasmic factors. TRPC, TRPV, TRPN [TRP NOMPC (no mechanoreceptor potential C)] and TRPA (TRP ankyrin) channels contain an ankyrin repeat domain in their Ntermini that is thought to play key roles in protein-protein interactions. A sequence of 25 amino acids located just Cterminal to the sixth transmembrane segment is highly conserved throughout the TRPC and TRPM families and is referred as the TRP domain. This domain includes a group of six invariant amino acids (EWKFAR) that is referred to as the TRP box. TRPC and TRPM contain proline-rich domains downstream from the TRP domain. TRPC also contains two predicted coiled-coil domains (one in the N-terminus and one in the C-terminus) ( Figure 1 ).
Selectivity in the assembly of TRP channels
Functional TRP channels are presumably composed of homo-and hetero-tetramers [2] [3] [4] . The fruitfly Drosophila expresses three orthologues of mammalian TRPC [dTRP (Drosophila TRP), TRPL (TRP-like) and TRPγ ]. dTRP and TRPL can interact either as homotetramers or as heterotetramers [5] . TRPγ interacts preferentially with TRPL, but can also form a channel with dTRP [6] . A number of studies with TRPC and TRPV have shown that the assembly of their subunits involves a selective process. The families are composed of six or seven members (TRPV1-TRPV6 and TRPC1-TRPC7 respectively). TRPC channels can be subdivided into two distinct functional subgroups based on the selectivity of their heterotetramerization. All members of a functional subgroup can selectively assemble together to form a specific channel. One functional subgroup is composed of TRPC1, TRPC4 and TRPC5, while the other is composed of TRPC3, TRPC6 and TRPC7. TRPC2 only homotetramerizes. In vitro assays have shown that TRPC1 and TRPC3, which belong to different functional subgroups, can also assemble together. As TRPC1 can interact with TRPC3 and TRPC4, it may act as an intermediate and lead to the formation of a heterotetramer complex where TRPC3 and TRPC4 are also present. TRPV1, TRPV2, TRPV3 and TRPV4, which are non-selective, thermosensitive cation channels, preferentially homotetramerize. The two other members of the TRPV family, TRPV5 and TRPV6, can either function as homotetramers or as TRPV5-TRPV6 heterotetramers [7] .
Molecular determinants in the assembly of TRP channels
To be functional, TRP channels must be complexed into four pore-forming subunits. Few studies have looked at the molecular determinants responsible for TRP channel assembly. A yeast two-hybrid, GST (glutathione S-transferase) pull-down and co-immunoprecipitation assays were used to show that dTRP, TRPL and TRPγ can homo-and heterotetramerize via interactions between their N-termini [5, 6] . The region of interaction between TRPL and TRPγ was narrowed down to the N-terminus coiled-coil domain of TRPγ and a short fragment upstream from this coiled-coil domain. The transmembrane domains of dTRP and TRPL also co-immunoprecipitate with full-length TRP, indicating that the transmembrane domain may be involved in subunit assembly.
The N-terminal ankyrin repeats are necessary for the tetramerization of TRPV4, TRPV5 and TRPV6 [8, 9] . More precisely, two ankyrin repeats are involved in the tetramerization of TRPV6. Self-association of the third ankyrin repeat initiates the process and is followed by the self-association of the fifth ankyrin repeat, in a zipper-like process. It has also been shown that the first ankyrin repeat of TRPV5 is involved in a self-interaction and in an interaction with a region in the C-terminus [10] involving N-to N-terminal, C-to Cterminal and N-to C-terminal interactions. The association domain of TRPV1 is located just downstream from the sixth transmembrane segment in the C-terminal coiled-coil domain [11] . This C-terminal coiled-coil domain contains the TRPlike domain.
Various molecular determinants have also been found for TRPC family members. Using yeast two-hybrid assays, Engelke et al. [12] showed that TRPC1 channels homotetramerize through their N-terminal coiled-coil domains. In addition, the first ankyrin repeat of TRPC1 is involved in the interaction with the N-terminus of TRPC3 [13] . We used chimaeras to transfer the assembly domain of TRPC4 into TRPC6 [14] and showed that the second to fourth ankyrin repeats as well as a region downstream from the N-terminal coiled-coil domain are involved in N-to Nterminal interaction, while an interaction between the N-and C-termini is involved in the homotetramerization of TRPC6 and TRPC4.
Similarities between TRP and K V channels TRP channels are structurally related to K V channels. K V channels are divided into many families, including the mammalian Shaker-related family (K V 1) and the mammalian Shab-related family (K V 2) [15] . Members of the K V 1 family can homo-and hetero-tetramerize to form functional channels. Members of the K V 2 family can homotetramerize and can also heterotetramerize with members of other families (K V 5, K6, K V 8 and K V 9). Many studies have been done to identify the molecular determinants governing the tetramerization of the K V 1 and K V 2 families [16] . An N-terminal T1 domain (first tetramerization domain) is responsible for regulating channel assembly. The T1 domain of K V 1 allows the recognition of members of the same family and prevents co-assembly with members of other K V families. Long et al. [16] determined the crystal structure of the K V 1.2 tetramer, which elucidated the orientation of each domain within the Shaker channel. The T1 domain is located directly over the pore entrance to the cytoplasm. The C-termini of K V 1.1 and K V 2.1 surround the T1 domain and can interact with the N-terminus of an adjacent subunit [17, 18] .
Conclusion
The molecular determinants responsible for the assembly of members of the TRP superfamily are very similar to the molecular determinants of members of the K V superfamily. Both superfamilies have two subunit interaction sites that appear to control the selectivity of subunit assembly. The first interaction occurs between the N-termini and the second interaction occurs between the N-and C-termini of adjacent subunits (Figure 2) . The elucidation of the molecular determinants of the ion channels presented in this review is only the first step towards a better understanding of how these channels assemble. Further studies, including analysing their structures by NMR or crystallography, are necessary to elucidate how these channels associate into functional channels.
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